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(57) ABSTRACT

The diameter of a first metal tube charged with raw material
powder 1s reduced for obtaining an eclementary wire. A
plurality of such elementary wires are charged into a second
metal tube, which 1n turn 1s reduced 1n diameter for obtain-
ing a round first wire having a plurality of first filaments. The
first wire 1s uniaxially compressed thereby obtaining a
tape-like second wire having a plurality of second filaments.
The second wire 1s heat treated thereby obtaining an oxide
superconducting wire including a plurality of superconduc-
tor fillaments. The maximum grain size of the raw material

powder 1s smaller than the minor diameter of the first or
second filaments.

24 Claims, 5 Drawing Sheets
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FIG.2

FIG.3
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FIG.4

LONGITUDINAL DIRECTION OF WIRE
(DIRECTION OF FLOW OF CURRENT) 11b 102
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METHOD OF PREPARING OXIDE
SUPERCONDUCTING WIRE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a method of preparing an
oxide superconducting wire, and more particularly, it relates
to a method of preparing an oxide superconducting wire of
a multi-filamentary structure comprising a step of charging
raw material powder for an oxide superconductor into a
metal tube.

2. Description of the Background Art

In general, 1t 1s known that the following steps are
employed for preparing an oxide superconducting wire of a
multi-filamentary structure by coating an oxide supercon-
ductor containing copper with a metal:

(1) charging raw material powder for an oxide or the like
into a metal tube consisting of silver or the like and
thercafter drawing the metal tube thereby preparing a
single-filamentary material;

(i1) bundling a plurality of such single-filamentary mate-
rials and charging the bundle into another metal tube
for forming a base material of a multi-filamentary
structure; and

(ii1) performing drawing, rolling and the like on the base
material of the multi-filamentary structure for forming
a wire and thereafter heat treating the wire for sintering
the raw material powder thereby obtaining an oxide
superconducting wire.

In such a method of preparing an oxide superconducting,
wire, factors of the raw material powder charged mto the
metal tube and the performance (critical current) of the
oxide superconducting wire are strongly correlated with
cach other. In particular, the types and the ratios of the
clements forming the raw material powder consisting of
Ca0O and CuO or having the structure of CaCuQ,, for
example, the sizes (grain sizes) of the grains forming the
powder and the like can be exemplified as the factors of the
raw material powder.

Some reports have been made on studies noting the sizes
of the grains forming the raw material powder among these
factors. While the factor of the sizes of the grains forming
the raw material powder 1s grasped 1n view of the mean grain
size 1n these reports, no consideration is made on the
correlation between the sizes of the grains forming the raw
material powder and the shape of the wire (for example, the
size of superconductor filaments included in the wire). In
ogeneral, therefore, it 1s difficult to maximally bring out the
performance of the oxide superconducting wire.

SUMMARY OF THE INVENTION

An object of the present invention 1s to clarity the relation
between the sizes of grains forming raw material powder
charged 1nto a metal tube and the size of superconductor
filaments included n a wire and provide a method of
preparing an oxide superconducting wire capable of maxi-
mally improving the critical current of the oxide supercon-
ducting wire on the basis of the relation.

The 1nventor has made various studies on the relation
between the sizes of grains forming raw material powder
charged 1nto a metal tube and the size of superconductor
filaments 1included 1n a wire, to find out that it 1s necessary
to select the optimum grain size of the raw material powder
charged 1nto the metal tube not with reference to the mean
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2

ograin size but with reference to the maximum grain size
while adjusting the selected optimum maximum grain size in
response to the diameter of the superconductor filaments
included 1n the prepared wire, 1n order to 1ncrease the critical
current of the oxide superconducting wire. The present
invention has been proposed on the basis of the aforemen-
tioned recognition of the mventor.

A method of preparing an oxide superconducting wire
according to an aspect of the present invention comprises the
following steps (a) to (g) and feature (h):

(a) preparing raw material powder for an oxide supercon-
ductor;

(b) charging the raw material powder into a first metal
tube;

(¢) reducing the diameter of the first metal tube charged
with the raw material powder thereby obtaining an

clementary wire;

(d) charging a plurality of such elementary wires into a
second metal tube;

(¢) reducing the diameter of the second metal tube
charged with the elementary wires thereby obtaining a
first wire, 1sotropically shaped 1n cross section, having
a plurality of first filaments each containing the raw
material powder;

(f) performing uniaxial compression on the first wire
thereby obtaining a tape-like second wire having a
plurality of second filaments each containing the raw
material powder; and

(g) performing heat treatment on the second wire thereby
obtaining an oxide superconducting wire including a
plurality of superconductor filaments, and

(h) the maximum grain size of the raw material powder is

smaller than the minor diameter of the first filaments.

In the aforementioned method of preparing an oxide
superconducting wire, the maximum grain size of the raw
material powder 1s preferably smaller than the minor diam-
cter of the second filaments.

The atorementioned method of preparing an oxide super-
conducting wire preferably further comprises a step of
performing umaxial compression on the second wire sub-
jected to the heat treatment and thereafter performing heat
treatment.

A method of preparing an oxide superconducting wire
according to another aspect of the present mvention com-
prises the following steps (1) to (q) and feature (r):

(1) preparing raw material powder for an oxide supercon-
ductor;

(j) charging the raw material powder into a first metal
tube;

(k) reducing the diameter of the first metal tube charged
with the raw material powder thereby obtaining an
clementary wire;

(1) charging a plurality of such elementary wires into a
second metal tube;

(m) reducing the diameter of the second metal tube
charged with the elementary wires thereby obtaining a
first wire, 1sotropically shaped in cross section, having
a plurality of first filaments each containing the raw
material powder;

(n) charging a plurality of such first wires into a third
metal tube;

(o) reducing the diameter of the third metal wire charged
with the first wires thereby obtaining a second wire,
1sotropically shaped 1n cross section, having a plurality
of second filaments each containing the raw material
powder;
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(p) performing uniaxial compression on the second wire
thereby obtaining a tape-like third wire having a plu-
rality of third filaments each containing the raw mate-
rial powder; and

(q) performing heat treatment on the third wire thereby
obtaining an oxide superconducting wire including a
lurality of superconductor filaments, and

P.

(r) the maximum grain size of the raw material powder is
smaller than the minor diameter of the second fila-
ments.

In the aforementioned method of preparing an oxide
superconducting wire, the maximum grain size of the raw
material powder 1s preferably smaller than the minor diam-
cter of the third filaments.

The atorementioned method of preparing an oxide super-
conducting wire preferably further comprises a step of
performing uniaxial compression on the third wire subjected
to the heat treatment and thereafter performing heat treat-
ment.

In the aforementioned method of preparing an oxide
superconducting wire according to this aspect, the uniaxial
compression 1s preferably rolling.

A method of preparing an oxide superconducting wire
according to still another aspect of the present invention
comprises the following steps (s) to (x) and feature (y):

(s) preparing raw material powder for an oxide supercon-
ductor;

(t) charging the raw material powder into a first metal
tube;

(u) reducing the diameter of the first metal tube charged
with the raw material powder thereby obtaining an
clementary wire;

(v) charging a plurality of such elementary wires into a
second metal tube;

(w) performing plastic working on the second metal tube
charged with the elementary wires thereby obtaining a
tape-like wire having a plurality of raw material fila-
ments each containing the raw material powder; and

(x) heat treating the tape-like wire thereby obtaining an
oxide superconducting wire including a plurality of
superconductor filaments, and

(y) the maximum grain size of the raw material powder is
smaller than the minor diameter of the raw material
filaments.

In the method of preparing an oxide superconducting wire
according to this aspect, the oxide superconductor 1s pref-
erably a bismuth-based oxide superconductor. The bismuth-
based oxide superconductor 1s preferably a Bi—Pb—Sr—
Ca—Cu—O based oxide superconductor.

In this case, the step of preparing the raw material powder
for the oxide superconductor preferably prepares raw mate-
rial powder mcluding a non-superconducting phase and a
superconducting phase containing (Bi, Pb), Sr, Ca and Cu in
composition ratios of about 2:2:1:2. Each superconductor
filament 1ncluded 1n the oxide superconducting wire prefer-
ably includes a superconducting phase containing (Bi, Pb),
Sr, Ca and Cu 1n composition ratios of about 2:2:2:3.

In the method of preparing an oxide superconducting wire
according to this aspect, the metal tube charged with the raw
material powder preferably consists of silver or a silver
alloy.

According to the present invention, as hereinabove
described, the critical current of the oxide superconducting
wire can be maximally increased by preparing the raw
material powder so that the maximum grain size of the raw
material powder charged into the metal tube 1s smaller than
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4

the diameter of the superconducting filaments included 1n
the prepared wire.

The foregoing and other objects, features, aspects and
advantages of the present invention will become more
apparent from the following detailed description of the
present 1nvention when taken in conjunction with the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1llustrates grain size distribution of typical powder
employed as raw material powder for a metal-coated oxide
superconducting wire;

FIG. 2 schematically shows a section of a wire having an
isotropic (round) cross-sectional shape reduced in diameter
by drawing as an intermediate product for an oxide super-
conducting wire;

FIG. 3 1s a partially fragmented sectional view of the wire
schematically showing internal states of filaments;

FIG. 4 schematically shows a longitudinal section of an
oxide superconducting wire obtained by heat treating the
wire shown 1n FIG. 3;

FIG. 5 1s a schematic sectional view of a wire obtained by

deforming the round wire shown 1n FIG. 2 1nto a tape-like
shape by rolling; and

FIG. 6 15 a partially fragmented sectional view schemati-
cally showing filaments included in an oxide superconduct-
ing wire obtained by heat treating the tape-like wire shown

in FIG. §.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

FIG. 1 shows grain size distribution of typical powder
employed as raw material for a metal-coated oxide super-
conducting wire having a (BiPb),Sr,Ca,Cus,z supercon-
ducting phase (a superconducting phase having a critical
current of about 110 K; hereinafter referred to as a 2223
phase) as the target superconducting phase. This raw mate-
rial powder 1s obtained by mixing carbonates or oxides of
bismuth (B1), lead (Pb), strontium (Sr), calcium (Ca) and
copper (Cu) in blending ratios of 1.8:0.3:1.9:2.0:3.0 and
thereafter repeatedly performing heat treatment and pulveri-
zation on the mixture a plurality of times. From this
distribution, a median size or a mode size 1s generally
employed as the mean grain size. This powder 1s formed by
a (BiPb),Sr,Ca,Cu,0O, superconducting phase (a supercon-
ducting phase having a critical current of about 80 K;
hereinafter referred to as a 2212 phase) and a plurality of
phases or substances such as Ca,PbO,, alkaline earth
element-copper-oxide (Ca—Cu—O) and the like which are
non-superconducting phases.

As understood from FIG. 1, the mean grain size expressed
in the median size or the mode size 1s about 4 um, while the
sizes of the gramns forming the powder are distributed over
a wide range of about 0.5 um to 50 um. While the range of
the mean grain size and distribution of the grain sizes of the
raw material powder can be shifted to a larger or smaller size
by powder preparation means, it 1s extremely difficult to
narrow the distribution range of the grain sizes itself.
Although the raw material powder may be sieved for remov-
ing only larger grains (classification), the types of the
removed grains are not homogeneous but the composition of
the raw material powder may deviate from the target com-
position 1n this case. Even if the mean grain size of the raw
material powder can be reduced, therefore, grains having
sizes of about 5 to 10 times the mean grain size 1nevitably
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remain 1n the raw material powder. The presence of such
large grains influences the critical current of the prepared
oxide superconducting wire.

(Phenomenon 1)

FIG. 2 schematically shows a section of a wire 1 having,
an isotropic (round) cross-sectional shape reduced in diam-
cter by drawing as an intermediate product for an oxide
superconducting wire. As shown 1n FIG. 2, the round wire
1 1s formed by a number of filaments 10 and a metal sheath
20 coating these filaments 10. In general, this wire 1 1s rolled
into a tape-like shape and thereafter heat treated for provid-
ing an oxide superconducting wire of a final shape.

As shown 1n FIG. 2, the outer diameter D of the wire 1 1s
about 1.0 mm, for example, and the diameter Df of each
filament 10 1s about 50 um regardless of the minor diameter
and the major diameter when the number (filament number)
of the filaments 10 1s 61. When the powder having the grain
size distribution (maximum grain size: about 50 #m) shown
in FIG. 1 1s employed as the raw material powder for the
filaments 10 forming the wire 1 designed in the aforemen-
tioned manner, the critical current of the finally obtained
wire cannot be maximally increased.

FIG. 3 1s a partially fragmented sectional view of the wire
1 schematically showing a state causable when the powder
having the maximum grain size of about 50 um 1s employed
for the wire 1 formed by the filaments 10 having the
diameter DI of about 50 um shown in FIG. 2. As shown 1n
FIG. 3, filaments 10a, 105 and 10c¢ are coated with the metal
sheath 20 1n the wire 1. As shown 1n the filaments 104 and
10b, many filaments are homogeneously filled with grains
smaller than the diameter DI of the filaments 10. For
example, the filaments 10a and 105 are homogeneously
filled with grains such as grains 11a of a 2221 phase, grains
12 of a Ca—Cu—O0 phase and grains 13 of a Ca,PbO, phase
smaller than the diameter DI of the filaments 10. As shown
in the filament 10c¢, on the other hand, some filaments are
clogeed with large grains. For example, a grain 13 of the
Ca,Pb0O, phase equivalent in size to the diameter DI of the
filaments 10 occupies the filament 10c.

When an oxide superconducting wire mainly composed of
a 2223 superconducting phase is prepared, a (BiPb),
Sr,Ca,;Cu,0, superconducting phase (2212 phase) forming
raw material powder and a plurality of phases or substances
such as Ca,PbO,, alkaline earth element-copper-oxide
(Ca—Cu—O0) and the like which are non-superconducting

phases react with each other by heat treatment, to obtain a
(BiPb),Sr,Ca,Cu,O_ superconducting phase (2223 phase).

If grains having sizes substantially same as or larger than
the diameter of the filaments remain in the wire obtained as
an 1intermediate product as shown 1n FIG. 3, the large grains
come 1nto contact with other types of grains only 1n small
arcas and insufliciently react with these grains upon heat
freatment, to remain in the wire of the final shape as such.
If the remaining grains are Ca,PbO ,, alkaline earth element-
copper-oxide (Ca—Cu—O) and the like having no
conductivity, electric connection between grains of the 2223
phase arranged in the filaments 10 1s disadvantageously

hindered.

FIG. 4 schematically shows a longitudinal section of the
oxide superconducting wire obtained by heat treating the
wire 1 shown 1n FIG. 3. As shown 1n FIG. 4, the filaments
10a, 10b and 10c extend substantially in parallel with each
other. Current I flows along the longitudinal direction of the

wire 1, as shown by arrow. The filaments 104 and 105 are
charged with grains 115 of the 2223 phase. In the filament
10c, on the other hand, the grain 13 of the Ca,PbO, phase
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equivalent 1n size to the diameter Df of the filaments 10, for
example, still remains as such after the heat treatment, to
hinder electric connection between grains 115 of the 2223
phase. Consequently, the grain 13 of the Ca,PbO, phase
blocks the current I shown by arrow. Thus, the filament 10c¢
1s virtually absent 1n the wire, to reduce the number of
ellective superconducting wires contributing to electric con-
duction. While FIG. 4 shows the state where a single large
orain remains, a plurality of filaments are insufficient in
conductivity when a plurality of large grains remain.

When the outer diameter of the wire 1 1s reduced and the
number of the filaments 1s increased to about 500, the
diameter DI of the filaments 1s reduced to about 10 #m. In
this case, a phenomenon similar to the above may take place
even 1f the maximum grain size of the raw material powder
1s about 10 um.

Thus, 1t 1s understood 1mportant to select the grain sizes
of the raw material powder charged 1nto the metal tube not
with reference to the mean grain size but with reference to
the maximum grain size, 1n order to increase the critical
current of the finally obtained wire. It 1s also understood that
the maximum grain size must be selected to be smaller than
the diameter of the filaments forming the prepared wire.

(Phenomenon 2)

As hereinabove described, an isotropic (round) wire
obtained by reduction such as drawing 1s generally deformed
into a tape-like shape by rolling. In this case, the aspect ratio
(width/thickness) of the tape-like wire is set to about 20. The
filaments forming the tape-like wire are also deformed into
flat shapes having a similar aspect ratio due to the rolling.

FIG. 5 1s a schematic sectional view of a wire 2 obtained
by rolling the round wire 1 shown 1n FIG. 2, having the outer
diameter D of about 1.0 mm and the filaments 10 of about
50 um 1n diameter mnto a tape-like shape having an aspect
ratio of 20 by rolling. As shown in FIG. §, the tape-like wire
2 1s formed a number of flat filaments 10 and the metal
sheath 20 coating the filaments 10. The tape-like wire 2 has
a width W of about 4 mm and a thickness T of about 0.2 mm.
Each filament 10 has a width WT of about 200 ym and a
thickness Tt of about 10 um.

When powder having a maximum grain size of at least 10
um, ¢.2. about 20 um, 1s employed for the tape-like wire 2
formed by the filaments 10 having the thickness TT of about
10 um shown 1n FIG. §, the following phenomenon may tape
place:

In the round wire 1, the maximum grain size (20 um) is
smaller than the filament diameter Df (50 #m) and hence
maximum grains forming the powder do not occupy the
arcas of the filaments 10 1n the stage of the intermediate
product. When the thickness (minor diameter) of the fila-
ments 10 1s reduced due to the rolling performed on the
round wire 1 such that the maximum grain size (20 ym)
exceeds the filament diameter Df (10 um) in the tape-like
wire 2, however, the filaments 10 are partially clogged with
crushed maximum particles. Such crushed grains come into
contact with other types of grains only in small areas and are
hardly transformed into the 2223 phase by reaction upon
heat treatment, to readily remain as such. If the maximum
orain size 1s smaller than the filament diameter DI 1n the
tape-like wire 2, however, substantially all surfaces of the
maximum grains come 1nto contact with other types of
orains to readily react with these grains by heat treatment, to
be readily transformed into the 2223 phase.

FIG. 6 1s a partially fragmented sectional view schemati-
cally showing filaments 10d, 10¢ and 10f in an oxide
superconducting wire obtained by heat treating the tape-like
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wire 2 shown 1n FIG. 5. As shown 1 FIG. 6, 2223 phases
115 are formed 1n the filaments 10d, 10¢ and 10f due to the
heat treatment. In the filament 10d, a grain 14 larger in
diameter than the filament diameter DI remains unreacted in
a state crushed by rolling. While the filament 104 1s not
entirely invalidated with reference to electric conduction by
this state as compared with the phenomenon 1, the sectional
arca of the superconductor contributing to electric conduc-
fion 1s reduced as a result due to the presence of the
unreacted grain.

As shown 1n FIG. 6, a ceramic grain 14 larger in size than
the thickness Tt of the filament 10f 1s harder than the metal
sheath consisting of silver or the like and breaks through the
metal sheath during plastic working such as rolling.
Consequently, the filament 10f 1s 1ntegrated with the adja-
cent filament 10e, to cause the so-called bridging 30. This
reduces the degree of an effect contributing to improvement
of the performance of the superconducting wire having a
multi-filamentary structure intended 1n the stage of design.

From the aforementioned consideration on the phenom-
ena 1 and 2, 1t 1s understood important to select the grain
sizes of the raw material powder charged 1nto the metal tube
not with reference to the mean grain size but with reference
fo the maximum grain size in order to increase the critical
current of the finally obtained wire. It 1s also understood that
the maximum grain size must be selected to be smaller than
the diameter of the filaments forming the prepared tape-like
wire.

The effect of the present invention can be more remark-
ably attained 1n an oxide superconducting wire having
extremely thin filaments.

EXAMPLE 1

Raw powder materials of carbonates or oxides of bismuth
(B1), lead (Pb), strontium (Sr), calcium (Ca) and copper (Cu)
were mixed 1n blending ratios of 1.8:0.3:1.9:2.0:3.0. Heat
treatment was repeated on the powder mixture at a tempera-
ture within the range of 700 to 860° C. a plurality of times,
thereby preparing raw material powder for an oxide super-
conductor formed by a (BiPb),Sr,Ca,Cu,O_ superconduct-
ing phase (2212 phase) and a plurality of phases or sub-
stances such as Ca,PbO,, alkaline earth element-copper-
oxide (Ca—Cu—O) and the like which are non-
superconducting phases. This raw material powder was
finally pulverized for preparing powder charged into a silver
pipe employed as a metal tube. The pulverization time was
varied for preparing five types of powder materials having,
different maximum grain sizes. Table 1 shows pulverization
times (h) and maximum grain sizes (um) of the five types of
powder materials.

TABLE 1
Powder Number 1 2 3 4 5
Pulverization Time (h) 1 5 20 100 200
Maximum Grain Size (@m) 100 50 10 5 1

Five types of wires were prepared from the five types of
powder materials by the following method:

In each sample, the powder was charged 1nto a silver pipe,
which 1n turn was reduced 1n diameter by drawing for
preparing an elementary wire. This elementary wire was cut
for preparing 61 elementary wires to be 1nserted into another
silver pipe. The 61 elementary wires were 1nserted 1nto this
silver pipe for forming a base material of a multi-filamentary
structure having 61 filaments. The multi-filamentary base

10

15

20

25

30

35

40

45

50

55

60

65

3

material was drawn for preparing a round wire having an
outer diameter of 1.1 mm. The minor diameter of each

filament forming the round wire was about 50 um.

Then, the round wire was rolled by uniaxial compression,
for obtaining a tape-like wire 2 having the cross-sectional
structure shown 1n FIG. § with a tape width W of 3.8 mm and
a tape thickness T of 0.25 mm. The thickness (minor
diameter) Tf of each filament 10 was about 10 um. The
tape-like wire 2 was heat treated 1n the atmosphere at a
temperature of about 850° C. for 50 hours. Thereafter the
tape-like wire 2 was rolled again thereby obtaining a tape-
like wire 2 having a tape width W of 4.0 mm and a tape
thickness T of 0.22 mm. At this time, the thickness (minor
diameter) Tf of each filament 10 remained unchanged at
about 10 um. The tape-like wire 2 was heat treated 1n the
atmosphere again at a temperature of 850° C. for 100 hours.
Thus, five types of tape-like oxide superconducting wires
were prepared.

Critical currents of the five types of tape-like oxide
superconducting wires prepared 1n the aforementioned man-
ner were measured at the liquid nitrogen temperature. Table
2 shows the results.

TABLE 2
Wire Number 1 2 3 4 5
Number of Used Powder 1 2 3 4 5
Critical Current (A) 5 10 50 70 72

As understood from Table 2, the critical currents of the
wires Nos. 2 and 3 are remarkably different from each other.
This 1s because the critical current depends on the relation
between the minor diameter of the filaments and the maxi-
mum grain size of the powder 1n the 1sotropic wire as
described above such that the wires Nos. 1 and 2 prepared
from powder materials having maximum grain sizes larger
than or substantially equivalent to the minor diameter (about
50 um) of the filaments 1n the stage of round wires exhibited
low critical currents while the wires Nos. 3 to 5 prepared
from powder materials having maximum grain sizes smaller
than the aforementioned minor diameter of the filaments
exhibited high critical currents.

As understood from Table 2, the critical currents of the
wires Nos. 3 and 4 are slightly different from each other.
This 1s because the critical current depends on the relation
between the minor diameter of the filaments and the maxi-
mum grain size of the powder in the tape-like wire as
described above such that the wires Nos. 1 to 3 prepared
from powder materials having maximum grain sizes larger
than or substantially equivalent to the minor diameter (about
10 um) of the filaments in the stage of tape-like wires
exhibited low critical currents while the wires Nos. 4 and 5
prepared from powder materials having maximum grain
sizes smaller than the aforementioned minor diameter of the
filaments exhibited high critical currents.

EXAMPLE 2

Three types of wires having larger numbers of filaments
were prepared from the three types of round wires having
outer diameters of 1.1 mm prepared from the powder
materials Nos. 3, 4 and 5 1n Example 1 by the following
method:

Each of the three types of round multi-filamentary wires
(each having 61 filaments) was equally divided into seven
round wires, which were inserted 1nto another silver pipe
having an outer diameter of 5 mm and an inner diameter of
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3.5 mm for preparing a base material of a multi-filamentary
structure having 427 filaments. This multi-filamentary base
material was drawn for preparing a round wire having an
outer diameter of 1.1 mm. The minor diameter of each
filament forming the round wire was about 7 um. The
obtained three types of round wires were rolled and heat
treated similarly to Example 1, for preparing three types of
tape-like oxide superconducting wires having the same outer
shapes as those 1n Example 1. In the tape-like wires, the
mean thickness (minor diameter) of the filaments was about
3 um.

The critical currents of the three types of tape-like super-
conducting wires prepared 1n the aforementioned manner
were measured at the liquid nitrogen temperature. Table 3
shows the results.

TABLE 3
Wire Number 6 7 o
Number of Used Powder 3 4 5
Critical Current (A) 20 55 70

As understood from Table 3, the critical currents of the
wires Nos. 6 and 7 are remarkably different from each other.
This 1s because the critical current depends on the relation
between the minor diameter of the filaments and the maxi-
mum grain size ol the powder 1n the 1sotropic wire as
described above such that the wire No. 6 prepared from
powder having a maximum grain size larger than the minor
diameter (about 7 um) of the filaments in the stage of the
round wire (427 filaments) exhibited a low critical current
while the wires Nos. 7 and 8 prepared from powder mate-
rials having maximum grain sizes smaller than the afore-
mentioned minor diameter of the filaments exhibited high
critical currents.

As understood from Table 3, the critical currents of the
wires Nos. 7 and 8 are slightly different from each other.
This 1s because the critical current depends on the relation
between the minor diameter of the filaments and the maxi-
mum grain size ol the powder 1n the tape-like wire as
described above such that the wires Nos. 6 and 7 prepared
from powder materials having maximum grain sizes larger
than the minor diameter (about 3 um) of the filaments in the
stage of tape-like wires exhibited low critical currents while
the wire No. 8 prepared from powder having a maximum
orain size smaller than the aforementioned minor diameter
of the filaments exhibited a high critical current.

Comparing the wire No. 3 (Table 2) and the wire No. 6
(Table 3) prepared from powder materials of the same
maximum grain size with each other, the wire No. 3 having
61 filaments exhibited a high critical current (50 A) while the
wire No. 6 having 4277 thin filaments exhibited a low critical
current (20 A). Comparing the wire No. 4 (Table 2) and the
wire No. 7 (Table 3) prepared from powder materials of the
same maximum grain size with each other, the wire No. 4
having 61 filaments exhibited a considerably high critical
current (70 A) while the wire No. 7 having 427 thin filaments
exhibited a slightly low critical current (55 A). Thus, it is
understood that the final tape-like wires prepared from
powder materials of the same maximum grain size do not
exhibit the same critical current if the minor diameters (or
the thicknesses) of the filaments in the stage of intermediate
products or final products are different form each other. In
order to obtain an oxide superconducting wire having a high
critical current, therefore, powder having a small maximum
orain size must be employed with reference to each of the
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minor diameter (or the thickness) of the filaments forming
the wire 1n the stage of the intermediate product and the
minor diameter (or the thickness) of the filaments forming
the wire 1n the stage of the final product.

Although the present invention has been described and
illustrated 1n detail, 1t 1s clearly understood that the same 1s
by way of 1llustration and example only and 1s not to be
taken by way of limitation, the spirit and scope of the present
invention being limited only by the terms of the appended
claims.

What 1s claimed 1s:

1. A method of preparing an oxide superconducting wire
comprising steps of:

preparing raw material powder for an oxide superconduc-

tor;

charging said raw material powder 1nto a first metal tube;

reducing the diameter of said first metal tube charged with

said raw material powder thereby obtaining an elemen-
tary wire;

charging a plurality of said elementary wires 1nto a second

metal tube;

reducing the diameter of said second metal tube charged

with said elementary wires thereby obtaining a first
wire, 1sotropically shaped in cross section, having a
plurality of first filaments each containing said raw
material powder and having a minor diameter;

performing uniaxial compression on said first wire
thereby obtaining a tape-shaped second wire having a
plurality of second filaments each containing said raw
material powder; and

performing heat treatment on said second wire thereby
obtaining an oxide superconducting wire including a
plurality of superconductor filaments, wherein

the maximum grain size of said raw material powder 1s
smaller than the minor diameter of said first filaments.

2. The method of preparing an oxide superconducting
wire according to claim 1, wherein the maximum grain size

of said raw material powder 1s smaller than the minor
diameter of said second filaments.

3. The method of preparing an oxide superconducting
wire according to claim 1, further comprising a step of
performing unmiaxial compression on said second wire sub-
jected to said heat treatment and thereafter performing heat
treatment.

4. The method of preparing an oxide superconducting
wire according to claim 1, wherein said uniaxial compres-
sion 1s rolling.

5. The method of preparing an oxide superconducting
wire according to claim 1, wherein said oxide superconduc-
tor 1s a bismuth-based oxide superconductor.

6. The method of preparing an oxide superconducting
wire according to claim 5, wherein said bismuth-based oxide
superconductor 1s a BiI—Pb—Sr—Ca—Cu—O0 based oxide
superconductor.

7. The method of preparing an oxide superconducting
wire according to claim 6, wherein said step of preparing
sald raw material powder for said oxide superconductor
includes an operation of preparing raw material powder
including a non-superconducting phase and a superconduct-
ing phase containing (Bi, Pb), Sr, Ca and Cu in composition
ratios of about 2:2:1:2.

8. The method of preparing an oxide superconducting
wire according to claim 7, wherein each said superconductor
filament includes a superconducting phase containing (Bi,
Pb), Sr, Ca and Cu in composition ratios of about 2:2:2:3.

9. The method of preparing an oxide superconducting
wire according to claim 1, wherein each said metal tube
consists of silver or a silver alloy.
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10. A method of preparing an oxide superconducting wire
comprising steps of:
preparing raw material powder for an oxide superconduc-
tor;

charging said raw material powder 1nto a first metal tube;

reducing the diameter of said first metal tube charged with
said raw material powder thereby obtaining an elemen-
tary wire;

charging a plurality of said elementary wires into a second
metal tube;

reducing the diameter of said second metal tube charged
with said elementary wires thereby obtaining a first
wire, 1sotropically shaped 1 cross section, having a
plurality of first filaments each containing said raw
material powder and having a minor diameter;

charging a plurality of said first wires into a third metal
tube;

reducing the diameter of said third metal wire charged
with said first wires thereby obtaining a second wire,
1sotropically shaped 1n cross section, having a plurality
of second filaments each containing said raw material
powder;

performing uniaxial compression on said second wire
thereby obtaining a tape-shaped third wire having a
plurality of third filaments each containing said raw
material powder; and

performing heat treatment on said third wire thereby
obtaining an oxide superconducting wire including a
plurality of superconductor filaments, wherein
the maximum grain size of said raw material powder 1s
smaller than the minor diameter of said second
filaments.

11. The method of preparing an oxide superconducting
wire according to claim 10, wherein the maximum grain size
of said raw material powder 1s smaller than the minor
diameter of said third filaments.

12. The method of preparing an oxide superconducting
wire according to claim 10, further comprising a step of
performing uniaxial compression on said third wire sub-
jected to said heat treatment and thereafter performing heat
freatment.

13. The method of preparing an oxide superconducting
wire according to claim 10, wherein said uniaxial compres-
sion 1s rolling.

14. The method of preparing an oxide superconducting
wire according to claim 10, wherein said oxide supercon-
ductor 1s a bismuth-based oxide superconductor.

15. The method of preparing an oxide superconducting
wire according to claim 14, wherein said bismuth-based
oxide superconductor 1s a B—Pb—Sr—Ca—Cu—O0 based
oxide superconductor.

16. The method of preparing an oxide superconducting
wire according to claim 15, wherein said step of preparing,
said raw material powder for said oxide superconductor
includes an operation of preparing raw material powder
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including a non-superconducting phase and a superconduct-
ing phase containing (Bi, Pb), Sr, Ca and Cu in composition
ratios of about 2:2:1:2.

17. The method of preparing an oxide superconducting
wire according to claim 16, wherein each said superconduc-
tor filament includes a superconducting phase containing
(Bi, Pb), Sr, Ca and Cu in composition ratios of about
2:2:2:3.

18. The method of preparing an oxide superconducting
wire according to claim 10, wherein each said metal tube
consists of silver or a silver alloy.

19. A method of preparing an oxide superconducting wire
comprising steps of:

preparing raw material powder for an oxide superconduc-

tor;

charging said raw material powder mnto a first metal tube;

reducing the diameter of said first metal tube charged with
said raw material powder thereby obtaining an elemen-
tary wire;

charging a plurality of said elementary wires into a second
metal tube;

performing plastic working on said second metal tube

charged with said elementary wires thereby obtaining a
tape-shaped wire having a plurality of raw material
filaments each containing said raw material powder and
having a minor diameter; and

heat treating said tape-like wire thereby obtaining an
oxide superconducting wire including a plurality of
superconductor filaments, wherein
the maximum grain size of said raw material powder 1s
smaller than the minor diameter of said raw material
filaments.

20. The method of preparing an oxide superconducting
wire according to claim 19, wherein said oxide supercon-
ductor 1s a bismuth-based oxide superconductor.

21. The method of preparing an oxide superconducting
wire according to claim 20, wherein said bismuth-based
oxide superconductor 1s a BiI—Pb—Sr—Ca—Cu—0 based
oxide superconductor.

22. The method of preparing an oxide superconducting
wire according to claim 21, wherein said step of preparing
said raw material powder for said oxide superconductor
includes an operation of preparing raw material powder
including a non-superconducting phase and a superconduct-
ing phase containing (Bi, Pb), Sr, Ca and Cu in composition
ratios of about 2:2:1:2.

23. The method of preparing an oxide superconducting
wire according to claim 22, wherein each said superconduc-
tor filament 1ncludes a superconducting phase containing
(Bi, Pb), Sr, Ca and Cu in composition ratios of about
2:2:2:3.

24. The method of preparing an oxide superconducting
wire according to claim 19, wherein each said metal tube
consists of silver or a silver alloy.
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